Abstract-We present a method to compensate for missing projection data in positron emission tomography (PET), which may result from gaps between adjacent detectors or from malfunctioning detectors. To prevent artifacts in the reconstruction when using Fourier rebinning (FORE) or analytical reconstruction algorithms, filling the data gaps is required. This new approach for sinogram data interpolation prior to reconstruction is based on a simple iterative freq uency selective signal extrapolation method initially proposed and successfully applied for error concealment in image and video communication. In this work the method has been improved taking advantage of well known restrictions in the allowed region of frequencies of the sinograms.
I. INTRODUCTION

I
N PET scanners the acquired data are usually sampled at all emission angles in the transverse plane either by rotating the detectors around the source of activity or by using a complete ring of detectors. If the sampling is not uniform and complete, the task of reconstruction becomes more difficult. This can due to the geometrical design of the detector system or some malfunctioning detectors.
Because fully 3-D iterative reconstructions are computationally demanding, Fourier rebinning and 2-D reconstruction is sometimes preferred [1] . FORE requires a complete data set. Therefore, a reliable estimate of missing data is necessary [2] . Furthermore, fast analytic reconstruction techniques like Filtered Back-Projection (FBP) also require a complete sinogram as the missing data cause large artifacts in the reconstructed images.
Several methods to fill the data gaps in the sinograms have been previously proposed: a) linear interpolation in angles or bilinear interpolation in the radial and angular directions [3] [4] [5] ; b) iterative constrained Fourier space method [6] ; c) reconstruction of an intermediate volume [2-D ordered subsets expectation maximization (2-D OSEM)] based on direct planes or Fourier-rebinned sinograms, after which the image is forward projected to fill the gaps [5] ; d) adaptive variational sinogram interpolation [7] .
In this work we applied the method proposed in [8] for error concealment in image and video communication. The main idea is to describe the acquired sinogram as a weighted linear combination of periodic basis functions. The coefficients are obtained from all the available data outside the gaps. In general, periodic functions have good extrapolating properties as they are able to extend the signal periodically. In this work we will focus on the Discrete Fourier Transform (DFT) although other periodic functions like the Discrete Cosine Transform (DCT) or the Discrete Hilbert Transform (DHT) can be used.
Several iterative approaches are known for Fourier based signal extrapolation. The method of Karp et al. [6] uses the limited band-width of the sinogram spectrum (with bow-tie shape as described in [10] ). This method follows the same scheme as previous proposed methods in image restoration [9] but taking advantage of the properties of the sinogram data. The spectrum of the observed signal, corrupted by the missing data, is first limited to the known allowed frequency region [10] and then transformed back to the projection space. After replacing the altered samples within the gaps, the sinogram is transformed again into the frequency domain, where the bowtie limitation is enforced. The extrapolation is obtained by iterating this procedure.
However, this method has some limitations. For example it cannot cope with vertical gaps in the sinogram (missing data along angles for a fixed radial bin). The constraint imposed in the Fourier space comes from the fact that no real sinusoidal trajectories in the sinogram can have a greater radius than the field-of-view (FOV) radius. Therefore if the gap radius [6] is lower or equal to the radius of the FOV, its trajectory in the projection data will be considered allowed and the method will not show a good performance. This happens for example in the MDAPET scanner [3] . This dependence of the performance of the constrained Fourier space method with the FOV of the scanner and the size of the object has not been clearly shown in the literature. The steps followed in this restoration algorithm are:
2) Perform the 2-D DFT of the mask and the initial residual:
3) Search for the frequency [u,v] with the largest value of the square of the residual error:
4) Obtain the correction to the coefficient c [u,v] : [u, v] 5) Update the coefficient c [u,v] and the residual error:
In this work the method has been improved taking advantage of well known restrictions in the allowed region of frequencies of the sinograms [10] . Updating only the allowed frequencies in the iterative procedure, a significant reduction in computational time is achieved.
The method proposed has been applied to a simulated acquisition obtained with PeneioPET [11] . The scanner simulated is composed of one ring of 8 rotating block detectors as shown in Fig. 2 . One of the direct sinograms (without rebinning) was used as a test for the different methods and its FBP reconstruction was performed. After the simulation, gaps similar to those corresponding to the nonrotating scanner were added to the sinogram. 'Pk,l [m,n] (1) (k,l) Let us assume that at any step v the parametric model approximating the signal in the support area is given by:
Initially we start with a uniform zero parametric model:
This iterative procedure approximates the signal within the support area updating the coefficients c(v)[k,l] successively subject to an error energy constraint given by:
The iteration stops when the residual error energy drops below a pre-specified threshold. The parametric model is then given in the entire area and the missing samples are obtained by an inherent extrapolation. 
The residual error signal in the support area (m,n)E D at any iteration v will be:
II. METHODS For a full description of the method applied, the reader is referred to [8] . For the sake of completeness a brief introduction is presented here.
We consider the sinogram S shown in Fig. 1 . Our aim is to estimate the missing signal samples in the area M from the acquired samples in the region D. The extrapolation principle works as follows: the signal samples in the support area Dare approximated by a weighted linear combination of basis functions which are defined over the entire sinogram S. Therefore, each approximation over the support area D at the same time provides an estimation of the missing samples in M. 
IV. CONCLUSIONS
A new method is presented which compensates for missing projection data in sinograms. This method allows the use of filtered back-projection reconstruction for 2-D sinograms or FORE for 3-D acquired data. The proposed technique is fast and the reconstructed images show significant improvements respect to previous proposed methods. It uses only the acquired data outside the gaps to obtain the coefficients of the Fourier Transform of the whole projection data. The convergence of the method and its independence on the geometry of the scanner and the gaps makes it robust and reliable.
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No Gaps -- applied. Fig. 4 shows the FBP reconstruction images (with Ramlak filter) from these sinograms and Fig. 5 shows profiles through these images.
The quantitatively evaluation of the method can be found in Table I . We define the error between the restored sinograms frespect to the gap-free sinogram f o as:
The index i runs over all N M bins which belongs to the missing region M.
We also define the error between the images X reconstructed from the restored sinograms and the image X o 
